INTRODUCTION
Body posture is a habit of motor activities upgraded to a specific morphological and functional base. It represents a manifestation of physical and psychological status of an individual. In a kinetic sense, it is an indicator of mechanical efficiency, equally as muscle balance and neuromuscular coordination. During the whole life, human body posture is subject to change (1) (2) (3) (4) . This is mostly visible during the period of growth and development of children. Rapid changes of the environment, sedentary style of life, limitations in physical activity and inadequate eating habits are inseparable from the civilization progress (5) (6) (7) (8) the development of the protective-adaptive mechanisms, human body is not able to adjust to dynamic changes of modern life style, which inevitably leads to bad body posture patterns. The look of the body and the condition of locomotor system in the phase of childhood and adolescence depends on the activity and forced position that young individuals frequently keep longer due to school attendance and interactions with the surroundings (9) (10) (11) (12) . With staying longer in a sitting position (and usually there is an impression that it is an inadequate position) on inappropriate furniture, there is a rising tendency of favouring sedentary way of life that may result in postural changes (13, 14) . Besides, it is assumed that postural habits adopted in childhood and adolescence will continue in the adult age (8) . Used to mainly static activities as usual causes of spinal changes of young men and women, a question arises to what extent and which activity of an adolescent is connected to the body posture. The aim of the present research was to find out which type of activity -sedentary, dynamic or both of them -have influence on body posture of senior elementary school children through tasks by which the differences in body posture, Body Mass Index (BMI) and physical activity would be established among the three categorised groups of children along with finding the causative-consequential correlation between sedentary, dynamic activities and body posture for each group of subjects.
PATIENTS AND METHODS
This prospective study involved a total of 120 subjects aged 10 to 16. The subjects were allocated into three groups with the same number of boys and girls, which was accomplished by means of the block randomization method. The first group involved 40 children who were actively engaged in swimming and who were members of the Swimming Club "Olimp" Banja Luka. The second group involved children who were not actively engaged in sport and were regular pupils of the Elementary School "Zmaj Jova Jovanović" in Banja Luka, and the third group consisted of children who were sent for rehabilitation treatment to the Institute for Physical Medicine and Rehabilitation "Dr Miroslav Zotović" Banja Luka.
The Ethics Committee of the Institute of Physical Medicine and Rehabilitation, the Board of the swimming club "Olimp" and the Board of Elementary School "Zmaj Jova Jovanovic", approved the conduct of this research, the use of instruments and adequate space in order to provide conditions for its implementation in order to protect the privacy of children as well as objective testing conditions. After a specific explanation of the research for parents and children, every child had consent signed by his/her parent to voluntarily participate in the research before entering the test.
Inclusion criteria
Group 1: senior elementary school children aged 10-16, both genders, active members of the Swimming Club "Olimp" Banja Luka. Group 2: senior elementary school children age 10-16, both genders, not active in sport, regular pupils of Elementary School, "Zmaj Jova Jovanović", Banja Luka. Group 3: senior elementary school children, age 10-16, both genders, sent to rehabilitation treatment in The Institution for Physical Medicine and Rehabilitation "Dr Miroslav Zotović", Banja Luka with functional diagnosis Scoliosis vertebrae thoracolumbalis verified by the physiatrist in charge.
Exclusion criteria
The non-exclusion criterion was created on the basis of Group 3 whose Occupational therapist's health records had exclusively the diagnosis of scoliosis vertebrae thoracolmbalis without other follow-up diagnosis, and based on that, we sorted criteria that excluded any cognitive, locomotor and other disability or deformity in children of Group 1 and Group 2 , which the teacher of physical education and the coach selected, based on the data of the systematic review. So, children did not have a medical chart of illness such as neurological and muscle diseases, conditions after trauma of locomotor system, endocrinopathy, skeletal dysplasia or chondrodysplasia, diseases of connective tissue, mental retardation, metabolic disturbances of bones, congenital musculoskeletal deformities, children in whose history the steroid therapy has been recorded, conditions after surgical treatment of scoliosis, children with applied chest and spinal orthosis.
Research instruments
In this research we used the self-assessment of physical activity for children (AFA), the authorized Body Posture Test (TDT) and Body Mass Index (BMI). The respondents were tested in groups by the same person and in the presence of parents/guardians with the same group of tests. The survey was conducted by a researcher by asking individual questions to which the children gave answers in consultation with their parents. All the children were tested by AFA that included data regarding the level of time spent studying, sedentary screen-based activities (video gaming, computer science), physical education classes, corrective exercises, playing games (time spent outside), sports activities, training, warming up before training and walking (15) .
Testing the degree of physical activity for school-age children was conducted in the form of a survey. The answers were graded from 0 to 4 , which signifies moving from better to worse (grade 0 is excellent, and grade 4 is bad). From the entire AFA we singled out 8 items, grouping them into two separate entities - one reflecting sedentary activities (time spent at school desk, time spent studying, time spent in front of a computer), and the second, reflecting dynamic activities during the day (playing with mates outdoors, sport activities, regular training, warming-up exercises for training, walking). Alpha Krombach's measure of reliability scale for the observed two entities in relation to the total score was 0.67, which presents a moderately satisfying compatibility.
For evaluation of body posture, the method of Volanski was used (16) . This method includes the following body segments: holding of head, holding of shoulders, shape of thorax, holding of blades, lateral curves of the spinal scoliosis, holding of the anterior abdominal wall, shape of legs and arch of feet. All eight segments have been evaluated for each subject on a three-degree scale, and the obtained sum was indicator of body posture. Volanski recommended the differentiation of sum on the following five-degree scale: 0 points - excellent body posture, 1 to 4 points -very good body posture, 5 to 8 points -good posture, 9 to 12 points - bad posture, 13 to 16 points - very bad posture. Krombach's reliability of the Body Posture Test in the total sample was 0.43.
Testing of body posture was carried out depending on the defined sample (before the beginning of physical education class, before the beginning of training and before the beginning of kinesitherapy exercises and working therapy) and place (cabinet of physical education teacher, cabinet of swimming club, working therapy space). All spaces were well lit and heated in order to enable longer stay at work. The subjects were tested in groups by the same researcher and always with the same group of tests. Self-assessment of physical activity of children AFA was performed by the researcher in form of an interview, whereas Body Posture Test was carried out by means of the observation method with the consent and presence of the parents, the teacher of physical education and/ or the coach. Body posture was assessed according to the requirements of the standard protocol.
BMI is the simple index representing the ratio of body mass and body height and is mainly used for classification of excessive body mass and obesity. BMI is calculated in the same way in children, adolescents and adults, but the interpretation of the obtained values is different for two reasons: a) the amount of fat in body is subject to change with age and b) the amount of fat in girls and boys differs (17) .
For statistical data processing programms MO Excel and SPSS for Windows have been used. In this research the following statistical procedures were used: descriptive statistics, χ²-test, Kruskal-Wallis test and Mann-Whitney test of multiple comparisons.
RESULTS
Analysis of subjects according to age Within the complete specimen of 120 children, with an equal percentage presence of boys and girls in all three groups, there was no statistical significance regarding age structure of subjects, as indicated in Table 1 .
Analyses of subjects regarding body posture test
In Table 2 . Descriptive statistical analysis of the Body Posture Test results in observed groups and the total sample of school-age children is presented. Body posture test monitors eight variables, the sum of which gives the total test score. Body posture grade is better if its arithmetic mean is lower. Differences in body posture among the three groups of children have been analysed by the Kruskal-Wallis test. There was a statistically significant difference in posture variables: head (p=0.014), shoulders (p=0.03), blades (p=0.030), feet (p=0.000), along with the total body posture grade (p=0.000). Comparing each pair separately and all the combinations of pairs (groups) statistical significance was found and presented in Table 3 . Statistically significant difference exists in total grade for body posture in favor of children who are actively engaged in sport activities (7.13), as compared to children who are not actively engaged in sport activities (8.27 ) and children with verified diagnosis Scoliosis vertebrae thoracolumbalis (9.23).
Based on
Differentiation of body posture test score and relations among the three defined groups are shown in Table 4 .
The obtained value of the Pearson coefficient (17.596) is less than the borderline value for specific amount of freedom and significance level of p=0.004, which indicates an important correlation among all three groups of school-age children regarding to body posture test category. None of the children had excellent body posture. 72.5% of children who were actively engaged in sport activities had very good and good posture, as well as 50% of children who were not actively engaged in sport activities and only 35% of children with verified scoliosis. Analysis of subjects according to BMI For evaluation of BMI, parameters of body weight and body height were used and the BMI formula for age 2 to 20 was utilised. In Table 5 , descriptive analyses of BMI in observed groups is shown, but also for all children. It was found, based on Kruskal-Wallis test, that the difference in obtained values of the continuos dependent variable among the three groups of children was significant (χ² =13.66, p=0.00). Group of school children who are not actively engaged in sport activities had considerably higher BMI (20.42) than both the group actively engaged in sport activities (18.21) and the group of children with verified scoliosis (18.23) . In order to indicate the difference, Mann-Whitney test of multiple comparison was done as showed in Table 6 . According to the MannWhitney test, statistical significance was found when comparing the first versus the second group (p=0.007), and the second verus the third group (p=0.000).
Analysis of subjects according to the self-assessment of physical activity of children (AFA)
For evaluation of physical activity for school-age children according the AFA (which involves nineteen items) was used. The interpretation of the differences in assesment was done in the following way: the bigger the average value, the bigger expressiveness of the tested item is. Kruskal-Wallis test establishes the difference for nineteen items observed by AFA, but statistical significance was noticed only in nine variables: success in school, engagement in sport acyivities, regular training, warming-up exercises for training, walking, appetite, verified bad posture and presence of thorax deformity.
Some AFA items were singled out and grouped into subscores, that is in two separate entities, one concentrating on sedentary - static activities (time spent at school desks, time spent in studying and time spent in front of a computer) and the dynamic activity of children during the day (free playing outdoors with mates, the length of training sport, regular training, regularity and the length of warming-up exercises before training, walking during the day). In Table 7 statistically significant differences are noticed in static and dynamic activities and the total AFA scores are shown. Therefore, it is necessary to compare separately and all combinations of pairs showed in Table 8 Comparison of the differences in dynamic activities favoured the children who are actively engaged in sport acttivities (18.47) compared to children who are not actively engaged in sport activities (6.13), as well as the children who had verified scoliosis (14.75) compared to children not actively engaged in sport activities (6.13). The total score of static and dynamic activities indicates statistically significant difference in favour of children who are actively engaged in sport activities (64.93) compared to children who are not actively engaged in sport activities (53.53), and to children who have verified scoliosis of spine (56.03).
DISCUSSION
Normal body posture is a relative term. No doubt, it has been under the significant influence of statics and the human functioning dynamics, whereas it is known that healthy lifestyle including the normal posture depends on numerous surrounding factors, physical activity and eating habits (18) (19) (20) . The study was aimed at establishing which kind of activity - sedentary, dynamic or both - affect the body posture of older elementary school-age children.
A statistically relevant difference in postural variables related to body posture was confirmed by Jandrić (2016) , which compared the differences in postural disorders in a sample of 150 adolescents, 13.2 +/- 1.34 years of age who were training handball and their non-training peers and found that there were no differences between these two samples compared to scoliosis, kifos and pes varus (p> 0.05) (21) . Research conducted by Medojević and Jakšić (2007) , indicated that there was a significant difference in body posture in children (22) . Jovović and Čanjak (2012) carried out the research on the sample of 315 subjects, out of which 160 boys and 155 girls, average age of 13.6. The research programme involved students from 23 elementary schools from different socio-economic environments in Montenegro. It was found that the majority of subjects had impaired spinal and blades status, deviation of lower limbs ("O" legs) and flat feet (23) . In the present study, although the assessments TDT had a five-degree scale, there were no children with an "excellent posture", regardless of sedentary or dynamic influence on groups. A total of 28.5% children actively engaged in sport had poor and bad posture, as well as 50% of children who were not actively engaged in sport and 65% of children with verified scoliosis of the spinal column.
The group of children not actively engaged in sport had bigger BMI than the group of children actively engaged in sport and also bigger than in children with verified scoliosis. Despite the existence of statistically significant differences, it must be stressed that BMI found is normal for the age we measured - score of 18 BMI is classified as normal for the age we measured -it is classified as normal finding according to reference values for age and gender suggested by WHO (24) . Nevertheless, there is an evident difference between the children who are not actively engaged in sport in comparison to the other groups. It is assumed that these children are more prone to obesity. It is particularly interesting that the majority of researches dealing with nutritive habits of adolescents indicated the increased body mass that additionally impaired body posture and school-age children activity (25) (26) (27) . One medical check-up found the opposite proofs for correlation between sedentary activities and BMI. At the same time, a moderate proof was found for negative correlation between sedentary and dynamic activities (27) (28) . Brandalize and Leite (2010) showed that obesity may cause anterior displacement of the gravity centre, causing adaptation within spinal column and lower limbs. Such adaptations may become permanent, causing postural deviations, like lumbar hyperlordosis with an increased compensational back kyphosis, cervical hyperlordosis and head anteriorization. On lower limbs, pelvic anteversion may occur, connected with internal hips rotation, knee valgus and flat feet (29) . At the same time, Martelli i Traebert (2004) reported that children with low body weight might have even higher frequency of postural deviation, connected with inadequate school furniture, student's growth phase and the time spent in school (30) , which has been confirmed by the present research.
It was observed that statistical significance among the groups could not been found with sedentary, but with dynamic activity. Dynamic score AFA showed expectedly higher score within the group of sport active children (18.47), and to certain extent, a high score was surprising in children with verified spine scoliosis (14.75), related to the non-sport active children whose dynamic AFA score was convincingly the lowest (6.13). Such a result could be explained by the fact that children with verified scoliosis were on a comprehensive rehabilitation treatment. The treatment included kinesitherapy and work therapy that gave to the that group of children some experience and values of purposful activities in everyday life, which justified higher result of the dynamic score. The group of children who were not doing any sport had poor and bad posture in 50% of cases along with the same very low dynamic score values, which is an alarm for undertaking adequate preventive measures. In the study evaluating students from the first to the fourth grade of one primary school in Brazil, some asymetries and postural changes were reported at 98% of individuals (31) . In another study of Brazilian school age children, the correlation between present scoliosis and physical activity was found (32) . It is important to stress that all mentioned studies evaluated external postural changes and that non-invasive methods have been used, like in our study. Since there is an evident decrease in physical activity during the period of adolescence (33) , and that the young people spend a lot of time both at home and in school sedentary (34, 35) , certain necessary interventions aimed at promoting physical activity among adolescents are urgently warranted.
Therefore, it can be concluded that sedentary habits may be related to postural changes, but not necessarily, whereas dynamic activities physiologically and morphologically build a body enabling proper posture and reduce the occurence of bad postural habits leading to deformities of spine during the period of growth and development. It is necessary to motivate the conscience of children, parents, with particular acceleration of preventive medicine policy development. 
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